1. In five subjects, ten consecutive forced expiratory spirograms were recorded on each of 6 different days and the total forced expiratory time (FET) on each spirogram was measured. The mean overall coefficient of variation of the FET was 11.3 % and of the ratio forced vital capacity (FVC)/FET was 8%.
Introduction
In diseases associated with chronic airways obstruction, the earliest site of increased resistance to air flow is thought to be in the small airways, less than 2 mm in diameter (Hogg, Macklem & Thurlbeck, 1968) . It has been suggested that the total forced expiratory time may be a reliable and simple test for the detection of abnormal flow rates in these small airways (Cochrane, Benatar, Davis, Collins & Clark, 1974) . The present study was undertaken to investigate the reproducibility of the FET'l) and its correlation with other tests of peripheral airways flow resistance.
Methods
Three groups of subjects were studied. Informed consent was obtained from all subjects.
Group 1. This group consisted of five healthy, normal, non-smoking subjects, three males and two 
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females, with no history or signs of pulmonary disease; these subjects were studied repeatedly on 6 different days, each subject being studied at the same time on each day. During each study, ten consecutive forced expiratory spirograms were obtained on a 1 3 5 litre Collins spirometer by standard techniques (American College of Chest Physicians, 1975) . The forced vital capacity, forced expiratory volume in the first second (FEVI), maximum mid-expiratory flow during the middle 50% of the FVC trace, and the total FET were measured. The FET was measured as the time in seconds from the beginning of the forced expiration to the point where expired volume first reached a plateau at residual volume or, if no plateau was reached, to the beginning of inspiration.
Group 2. This group consisted of twenty-two subjects with probable early small airways obstruction; the diagnosis of small airways obstruction was based on a history of smoking approximately one pack of cigarettes per day for 5 years, a reduction in MMEF to less than 75% of the predicted value, with the FVC and FEVl greater than 80% of the predicted value (Morris, Koski & Johnson, 1971 ). All of these subjects had previously been shown to respond to bronchodilators by an increase in the MMEF. In each subject, at least three forced expiratory spirograms were performed before and after the inhalation of a pressurized aerosol containing 1.3 mg of metaproterenol sulphate. In six of these subjects, in addition to the forced expiratory spirograms, three to five consecutive closing-volume measurements by the single-breath nitrogen method (Buist & Ross, 1973) were also made, before and after the inhalation of metaproterenol. The total lung capacities and residual volumes were calculated by planimetry from these curves (Buist & Ross, 1973) .
Group 3. This group consisted of eighty-one healthy, normal, non-smoking adults (five females, seventy-six males) with no symptoms or signs of pulmonary disease. These subjects were selected on the basis of forced expiratory spirograms with values of FVC, FEVl and MMEF greater than 80% of predicted (Morris et a!., 1971). In each subject three to five forced expiratory spirograms were recorded and the mean FET was correlated with age.
Results
The results in five normal subjects (group 1) studied repeatedly, are shown in Table 1 . It is to be noted that the coefficient of variation of FET (11.3%) decreases when the measurement is expressed as the ratio FVC/FET (8%). The mean coefficients of variation of ten consecutive measurements in these five subjects on any single day were: FVC 1-9%, FEV, 3.0%, MMEF 33%, FET 12.4% and FVC/ FET 11.7%.
There was a significant correlation between the control values of FVC/FET, FEVl and MMEF in the subjects in group 2 (Table 2 ). On bronchodilatation, FEVl did not change significantly (P> 0.1), but there were significant (P<O.O5) changes in FVC/FET, MMEF and FET. There was a significant correlation between the change in FVC/FET (AFVC/FET) and change in MMEF (AMMEF), but neither correlated well with the change in FEVI. In the six subjects in whom 'closing volume' was measured, there was a good correlation (Table 3) of both AFVC/FET and AMMEF with the change in residual volume, but neither of these values correlated well with the change in 'closing volume' expressed as the ratio phase 4/VC( %).
In group 3, there was a significant negative correlation between age and FET; however, the correlation of age with FVC/FET was significantly better ( Fig. 1 and Table 4 ). Nicholson, 1975) , and there is a wide range in normal subjects (Burki et al., 1975; McFadden, Holmes & Kiker, 1975) . In comparison, the measurement of forced expiratory flow rates is a simple procedure. Several different measurements have been used by different workers for computation of various flow rates from the spirograms; one of the measurements which has found wide favour is the MMEF (Leuallen & Fowler, 1955; McFadden & Linden, 1972; McFadden, Kiker, Holmes & deGroot, 1974) . However, it is theoretically possible that alterations in the FVC alone with no change in the residual volume could alter the MMEF (Fig. 2, curve a) ; similarly, an alteration in the residual volume itself would change the MMEF without any change in the airways resistance (Fig. 2, The theoretical grounds for suggesting that the FET may reflect small airways function in the presence of normal large airways resistance are based on the argument that, during forced expiration, the 'equal pressure points' (Mead, Turner, Macklem & Little, 1967) move into the small bronchi as lung volume decreases and, hence, in the lower part of the N . K. Wirki and Mary C. Dent FVC manoeuvre the maximum flow rates reflect peripheral small airways resistance. Thus an increase in FET may reflect an increase in either large or small airways resistance or both; in the presence of a normal large airways resistance an increase in FET would reflect increased small airways resistance. The argument that the terminal portion of the FVC is effort-dependent has been used to reject this portion in computing flow rates (Morris, Koski & Breese, 1975) . However, thegood repeatability of themeasurement in the present study would suggest that this is not a significant factor limiting the value of the test. The FET values in the present study are comparable with those reported previously in small numbers of young subjects (Table 5) . However, our results show that FET correlated poorly with changes in MMEF or residual volume on bronchodilatation, and, on the basis that MMEF and residual volume reflect small airway function, FET would not appear to be an adequate test of small airway function. This may be because for any given combination of lung mechanics, FET would vary with changes in total expired volume, a subject with a large expired volume tending to have a greater FET than one with a smaller expired volume; we have therefore chosen to express the mean flow rate as the ratio FVC/FET. Our results show that FVC/FET correlates well with MMEF and residual volume. However, neither MMEF nor FVC/FET correlated well with changes in the ratio phase 4/VC(%). This poor correlation of the ratio phase 4/VC(%) with MMEF has been noted previously (McFadden et al., 1974; Buckley, Souhrada & Kopetzky, 19741 , and may be due to the poor reproducibility of this test (Burki et a/., 1975; McFadden et al., 1975) . We have found a significant negative correlation of FVC/FET with age.
The present study would indicate that the simple measurement of FVC/FET may be an adequate screening test for small airways function in the presence of a normal FEVI/FVC. Further studies are required to document the normal range and to ascertain whether this measurement would adequately distinguish normal subjects from patients with peripheral small airway dysfunction.
